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The Characteristics of Electrokinetic Remediation of
Unsaturated Soil II : Numerical Analysis

2 - B - 2

Kim, Byung Il - Han, Sang Jae - Kim, Soo Sam

Abstract

The numerical analysis to predicting the electrokinetic remediation behavior on unsaturated soil is carried out by aiding
HERO, Hanyang Unversity Electrokinetic Remediation program, developed from the finite difference method and in the
VISUAL FORTRAN environment. The analysis for the pure kaolinite under saturated conditions is performed on the results of
the previous study of Acar (1997). Also the predictions to the characteristics of electrokinetic remediation on unsaturated con-
ditions are performed and the conclusions summarized as follows. First, pH of the electrolyte in the reservoirs is not different
with the degree of saturation resulted from the changes in electrical efficiency. But the advance of acid front is increased depen-
dent on the degree of saturation in contrary to the transportation of base front. Second, below the degree of saturation of 83%,
which is equivalent to the optimum water content, the removal effect increased with the decreasing of degree of saturation. But

it have no effect on the efficiency of removal over the degree of saturation of 83%.
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Table 1. Precipitation/dissolution reaction of lead
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Table 2.

Initial and boundary conditions in HERO

Variable Initial condition Boundary condition(X=0) Boundary condition(X=1)
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Table 4. Input datum for comparing HERO with Acar model (Acar and Alshawabkeh, 1997)

Soil properties Chemical properties p];:rlgggrltci:é Concentration
Parameters
Porosity | Tortuosi . Diffusion () | Retardation [Diffusion (Pb>* Pb ion Electrolysis Initial
ty | my (cm*d) factor (ecm*/d) mobility factor| efficiency |concentration
Input data 0.56 0.48 1E-03 8.5 4.6 0.82 1 1.0 5322
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Fig. 1. Comparison HERO with Acar(1997) analytical model :
Soil pH
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Fig. 2. Comparison HERO with Acar(1997) analytical model :
Pore pressure

E Uehd Aog S99 v A HEEe] JY ui
o BIAFAR HJEEE Holal o}, HMEE g 4
A T 2de] At fARIt v AA| AFedMe
) 50v7} S=EUAT, Acar and Alshawabkeh(1997)=
Al 160VE =3 ¥ HEROE U] 10VE 5314
7 REdlo] A Avel= S S-S kA Eslal
o]} o] S|} ASA7} o7t e A F Bl
o] Zsto] o FRhs arEsie] AlkkE ARE Faole
of 93] &% olEo| ML 7losk=E v 5=
1H3A] E3l7] wjEo|t}h. thet Acar and Alshawabkeh
(1997)°] Ago] 3221 tE ExoA] o]Fo] A7] wiE
o HEROCIA H8% IS 3oz ggslal tidss
H', OH, Pb*, NO;Z 1&ghd o & WS oS53}
AS5E Aol 2T F US Ao= wdkEn

a9 49 A5 HF ARY Rske 9 sEE EAIE
AR BEx ), TFM), sHH-B)Ixe] A7t 7
EA]Eo] AT} Acar and Alshawabkeh(1997)9] 749 &=

E264 EICH - 20064 1H

1 1" 21 K} a1
Node No.(Distance from anode)

Fig. 3. Comparison HERO with Acar(1997) analytical model :
Electric potential

3.0

—0— HERO{52days)
e Acar(50days)
< Experiment(T)
O BExperiment(M)
2.0 A Experiment(B)

25

1.5

1.0

0.5

MNormalized Concentration(C/Co)

N
A A
0.0 000 P
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Node Mo.(Distance from anode)
Fig. 4. Comparison HERO with Acar(1997) analytical model :
Final concentration
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Table 6. Simulation conditions considering changes in degree of saturation

Saturation (%) Electric efficiency Porosity Tortousity Vol. water content Concentration (M/L)
60 0.6+(83/60) 0.284 0.187 0.170 0.002923
70 0.6+(83/70) 0.300 0.201 0.210 0.002364
83(OMC) 0.6 0.322 0.221 0.267 0.001858
100 0.6£(83/100) 0.371 0.267 0.371 0.00134
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Fig. 5. Predictions of HERO with degree of saturation :
Electrolyte pH
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Fig. 6. Predictions of HERO with degree of saturation : Soil
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Fig. 7. Predictions of HERO with treatment time : Normalized

concentration
50
—o0— HERO
—o— Experiment
40
2
oy
£ 30
S
T 20
>
[=]
§
T 40
0
0 5 10 15 20 25 30 35

Treatment Time(days)
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Fig. 9. Predictions of HERO with degree of saturation :
Electrolyte pH
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Fig. 10. Predictions of HERO with degree of saturation : Soil
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Fig. 11. Predictions of HERO with degree of saturation :
Electric potential
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Fig. 12. Predictions of HERO with degree of saturation : Pore
pressure
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Fig. 13. Predictions of HERO with degree of saturation :
Electrical current
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Fig. 14. Predictions of HERO with degree of saturation :
Electric conductivity
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Fig. 15. Predictions of HERO with degree of saturation : Final
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Fig. 16. Predictions of HERO with degree of saturation :
Normalized concentration
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Fig. 18. Predictions of HERO with degree of saturation :
Removal efficiency
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Table 7. The comparison of measured and predicted concen-

trations
- o -

Saturation Removal Efficiency(%) Difference of leference.of

(%) M 4 | Predicted |Efficiency(%) Concentration

easure redicte (mg/kg)

60 34.5 26.6 7.9 5.1

70 31.7 21.0 10.7 6.8
83(OMC) 28.1 16.9 11.2 72

100 14.5 16.4 1.9 1.2
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